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(54) PNEUMATIC TIRE 

(57) In a block 18 formed on a tread surface, a sipe 
24 which is twisted at a predetermined angle from a sur- 
face portion 28 toward a bottom portion 30 is provided. 
Due to ground contact pressure exerted on a contact 
patch area 26, small blocks 18a to 18d rotate, so that 
adjacent small blocks abut each other with a strong 
force. As a result, leaning of the small blocks 1 8a to 1 8d 
is suppressed, and a contact patch area area on the 
contact patch area 26 increases, so that performance 
on ice and snow improves. Moreover, due to rotation of 
the small blocks 1 8a to 1 8d, a torque (SAT) for restoring 
the small block to an original shape is generated, so that 
SAT generated by steel cords can be suppressed. 
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Description 

Technical Field 

[0001 ] The present invention relates to a pneumatic 
tire which exhibits an excellent performance on ice and 
snow. 

Background Technology 

[0002] Conventionally, a pneumatic tire which is 
provided with a plurality of blocks on a tread surface, 
wherein the blocks are defined by main grooves formed 
in the tire circumferential direction, lug grooves formed 
in the tire transverse direction and the like has existed. 
By providing blocks on a tread surface in such a man- 
ner, a pneumatic tire ensures favorable braking and 
traction force, steering stability and the like. 
[0003] Also, improvement in performance on ice 
and snow and a wet property has been attempted by 
providing sipes in the blocks to increase an edge length 
and to increase gripping force. 
[0004] Further, under the tread surface of the pneu- 
matic tire formed in this way, reinforcing layers in which 
a number of steel cords are provided parallel to each 
other are laminated in order to strengthen stiffness of 
the tread. 

[0005] In the pneumatic tire structured as described 
above, the contact patch area side of each block is 
divided by sipes into a plurality of small blocks. When 
the tire rotates, each of the small blocks tends to lean 
backward due to the frictional force exerted between 
itself and the road surface. When the degree of leaning 
becomes large, a contact patch area area of the contact 
patch area decreases, so that there is a possibility that 
the performance on ice and snow may deteriorate. 
[0006] However, the small blocks are compressed 
in a height direction (the direction oriented toward the 
tire axis from the contact patch area) by ground contact 
pressure from the contact patch area and expand in a 
cross direction (the direction perpendicular to the height 
direction). As a result, the small blocks abut the adja- 
cent small blocks across the sipes, so that leaning 
thereof is suppressed to a certain extent. 
[0007] However, if the sipes are formed straight in 
the sipe depth direction, deformation of the small blocks 
due to ground contact is not capable enough of causing 
the small blocks to contact the adjacent small blocks 
with sufficient force. Accordingly, leaning suppression is 
weak and thus it can hardly be said that contact patch 
area area of the contact patch area is sufficiently 
ensured. 

[0008] Further, a plurality of steel cords disposed in 
each of the reinforcing layers are provided parallel to 
each other and inclined at a predetermined angle with 
respect to the tire circumferential direction. Thus, there 
has been a problem in that when a vehicle on which the 
pneumatic tires are actually fitted is driven, the steel 



cords provided in the reinforcing layer closest to the 
tread surface side lean toward the tire circumferential 
direction, thereby generating a force to restore the tire 
distorted by ground contact pressure to th original 
5 shape (Self Alignment Torque, referred to as SAT her - 
inafter). 

[0009] In view of the above-described circum- 
stances, an object of the present invention is to provide 
a pneumatic tire which exhibits an excellent perform- 
to ance on ice and snow by suppressing leaning of blocks 
having sipes, and which suppresses SAT. 

Disclosure of the Invention 

is [0010] A first aspect of the present invention is a 
pneumatic tire comprising: a plurality of reinforcing lay- 
ers in which cords, which are inclined at a predeter- 
mined angle with respect to a tire circumferential 
direction, are provided parallel to each other; a tread 

20 provided on a top of the reinforcing layers which are 
laminated; and a block-shaped land portion having a 
sipe, the block-shaped land portion being defined on a 
tread surface by main grooves formed in the tire circum- 
ferential direction and by lug grooves formed in a direc- 

25 tion intersecting the main grooves; wherein the sipe is 
shaped so as to be twisted around a first central axis of 
twisting extending in a tire radial direction in the block- 
shaped land portion and a second central axis of twist- 
ing extending substantially in a tire transverse direction, 

30 a position P1 of the first central axis of twisting in a 
region between one end surface of the block-shaped 
land portion and another end surface in the tire trans- 
verse direction and a position P2 of the second central 
axis of twisting in a region between a contact patch area 

35 and a bottom of the sipe in the tire radial direction being 
within ranges satisfying the following relational expres- 
sions: 

0.2W ^ P1 < 0.8W 

40 

0.2F <> P2 < 0.6F 

wherein P1 , P2 represent the position of the first and 
second central axes of twisting respectively; W repre- 

45 sents a distance from the one end surface to the other 
end surface of the block-shaped land portion in the tire 
transverse direction; and F represents a distance from 
the contact patch area to the bottom of the sipe in the 
tire radial direction. 

so [001 1] In the first aspect of the invention, since the 
sipe is shaped so as to be twisted around the first cen- 
tral axis of twisting extending in the tire radial direction 
and the second central axis of twisting extending sub- 
stantially in the tire transverse direction, the block- 

55 shaped land portion is compressed in a height direction 
due to ground contact pressure and expands in a cross 
direction, and as a result, small blocks divided by the 
sipe abut each other. Moreover, since the sipe is 
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twisted, the small blocks abut each other not only due to 
a force exerted in the tire circumferential direction (the 
tire rotation direction), but also due to forces exerted 
from other directions. Further, sine the small blocks 
perform a rotational motion due to ground contact pres- 
sure, the adjacent small blocks abut each other with a 
strong force. 

[0012] Moreover, the position P1 of the first central 
axis of twisting is within the range of 0.2W < P1 < 0.8W 
with respect to a distance W (referred to as width W 
hereinafter) from one end surface to the other end sur- 
face of the block-shaped land portion in the tire trans- 
verse direction, and the position P2 of the second 
central axis of twisting is within the range of 0.2F < P2 < 
0.6F with respect to a distance F (referred to as sipe 
depth F hereinafter) from the contact patch area to the 
bottom of the sipe in the tire radial direction, and 
because of this positioning, stiffness of the small blocks 
increases further and leaning thereof is suppressed 
compared to structures with positioning in which the first 
central axis of twisting and the second central axis of 
twisting are located at positions not within the above- 
mentioned ranges (see Fig. 24 and Fig. 25). 
[0013] In this way, the small blocks abut each other 
with a strong force due to the sipes being formed with a 
twist, and stiffness of the small blocks can be increased 
by positioning the first central axis of twisting and the 
second central axis of twisting of the sipe within the pre- 
determined ranges. Accordingly, leaning can be sup- 
pressed with certainty. As a result, a contact patch area 
area on the contact patch area of the small blocks 
increases, and performance on ice and snow improves. 
[0014] Further, when ground contact pressure acts 
on the contact patch area of the block-shaped land por- 
tion, the block-shaped land portion is compressed in the 
height direction, so that each of the small blocks, while 
guided by the sipe, rotationally deforms in a direction in 
which the sipe is further twisted. Due to this deforma- 
tion, an SAT (a torque for restoring the small blocks to 
the original shapes) exerted in a direction opposite to 
the twisting direction of the sipe is generated on each of 
the small blocks. 

[0015] Thus, by forming the block-shaped land por- 
tion, in which the sipes are twisted in an appropriate 
direction, on the tread surface, the SAT generated by an 
inclination, relative to the tire circumferential direction, 
of the cords which form an outermost layer of the rein- 
forcing layers is reduced. That is, the SAT due to the 
cords can be suppressed by the SAT generated at the 
block-shaped land portion. 

[0016] Accordingly, a favorable steering stability on 
icy and snowy roads and the like can be obtained with a 
vehicle to which such pneumatic tires are mounted. 
[0017] A second aspect is a pneumatic tire com- 
prising: a plurality of reinforcing layers in which cords, 
which are inclined at a predetermined angle with 
respect to a tire circumferential direction, are provided 
parallel to each other; a tread provided on a top of the 



reinforcing layers which are laminated; and a block- 
shaped land portion having a sipe, th block-shaped 
land portion being defined on a tread surface by main 
grooves formed in the tire circumferential direction and 

5 by lug grooves formed in a direction intersecting with the 
main grooves; wherein the sipe is shaped so as to have 
a first protruding portion protruding in a first direction 
with respect to a virtual central plane and a second pro- 
truding portion protruding in a second direction opposite 

to the first direction across the virtual central plane, the 
sipe including a surface portion exposed on a contact 
patch area of the block-shaped land portion arid a bot- 
tom portion formed in a bottom of the sipe, the virtual 
central plane being twisted from the surface portion 

75 toward the bottom portion. 

[0018] In the second aspect of the invention, since 
the sipe has a structure twisted from the surface portion 
toward the bottom portion, when the block-shaped land 
portion is compressed in a height direction due to 

20 ground contact pressure and expands in a cross direc- 
tion, small blocks divided by the sipe abut each other. 
Moreover, since the sipe (the virtual central plane 
thereof) is twisted, the small blocks abut each other not 
only due to a force exerted in the tire circumferential 

25 direction (the tire rotation direction), but also due to a 
force exerted from other directions. Further, since the 
small blocks perform a rotational motion due to ground 
contact pressure, the adjacent small blocks abut each 
other with a strong force. 

30 [0019] In this way, since the sipe is formed with a 
twist, the small blocks abut each other with a strong 
force, so that leaning is suppressed with certainty. As a 
result, a contact patch area area on the contact patch 
area of the small blocks increases, and the performance 

35 on ice and snow improves. 

[0020] In particular, since the sipe is not only 
twisted, but also formed with the first protruding portion 
and the second protruding portion, that is, with a shape 
having recessed and protruding portions across the vir- 

4Q tual central plane, the deformation of the block-shaped 
land portion due to ground contact pressure suffices to 
cause the small blocks to abut each other with a 
stronger force and increase contact area. Thus, leaning 
is suppressed further and a contact patch area area on 

45 the contact patch area increases, so that the perform- 
ance on ice and snow improves even more. 
[0021] Moreover, when ground contact pressure is 
exerted on the contact patch area of the block-shaped 
land portion, the block-shaped land portion is corn- 
so pressed in the height direction, so that each of the small 
blocks, while guided by the sipe, deforms in a direction 
in which the sipe (the virtual central plane thereof) is fur- 
ther twisted. Due to this deformation, SAT (a torque for 
restoring the small blocks to their original shapes) 

55 exerted in a direction opposite to the twisting direction of 
the sipes is generated on each of the small blocks. 
[0022] Thus, by forming the block-shaped land por- 
tion, in which the sipes are twisted in an appropriate 
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direction, on the tread surface, the SAT generated by an 
inclination, relative to the tire circumferential direction, 
of cords which form an outermost layer of the reinforcing 
layers is reduced. That is, the SAT due to the cords can 
be suppressed by the SAT generated at the block- 5 
shaped land portion. 

[0023] Accordingly, a favorable steering stability on 
icy and snowy roads and the like can be obtained with a 
vehicle to which such pneumatic tires are mounted. 
[0024] A third aspect of the invention is a pneumatic 
tire according to the second aspect, wherein the virtual 
central plane is shaped so as to be twisted around a first 
central axis of twisting extending in the tire radial direc- 
tion in the block-shaped land portion, a position P1 of 
the first central axis of twisting in a region between one 
end surface of the block-shaped land portion and the 
other end surface in the tire transverse direction being 
within a range satisfying the following relational expres- 
sion: 

0.2W < P1 < 0.BW 

wherein P1 represents the position of the first central 
axis of twisting; and W represents a distance from one 
end surface to the other end surface of the block- 
shaped land portion in the tire transverse direction. 
[0025] In the third aspect of the present invention, 
the sipe is formed with a shape in which the virtual cen- 
tral plane is twisted around the first central axis of twist- 
ing extending in the tire radial direction. In this case, 
since the position P1 of the first central axis of twisting 
is within the range of 0.2W < P1 < 0.8W with respect to 
the width W of the block-shaped land portion, stiffness 
increases more than in the small blocks divided by the 
sipe whose position P1 is not within the above-men- 
tioned range (see Fig. 24). Thus, leaning of the small 
blocks is further suppressed and a contact patch area 
area on the contact patch area increases, so that the 
performance on ice and snow improves even more. 
[0026] A fourth aspect of the invention is a pneu- 
matic tire according to the second and third aspects, 
wherein the virtual central plane is shaped so as to be 
twisted around a second central axis of twisting extend- 
ing substantially in the tire transverse direction in the 
block-shaped land portion, a position P2 of the second 
central axis of twisting in a region between the contact 
patch area and the bottom of the sipe in the tire radial 
direction being within a range satisfying the following 
relational expression: 

0.2F< P2 <0.6F 

wherein P2 represents the position of the second cen- 
tral axis of twisting; and F represents a distance from 
the contact patch area to the bottom of the sipe in the 
tire radial direction. 

[0027] in the fourth aspect of the invention, the sip 
is formed with a shape in which the virtual central plane 



is twisted around the second central axis of twisting 
extending substantially in th tir transverse direction. 
In this case, since the position P2 of the second central 
axis of twisting is within the range of 0.2 F < P2 < 0.6 F 
with respect to th sipe depth F, stiffness increases 
more than in the small blocks divided by the sipe whose 
position P2 is not within the above-mentioned range 
(see Fig. 25). Thus, leaning of the small blocks is further 
suppressed and a contact patch area area on the con- 
tact patch area increases, so that the performance on 
ice and snow improves even more. 
[0028] A fifth aspect of the invention is a pneumatic 
tire comprising: a plurality of reinforcing layers in which 
cords, which are inclined at a predetermined angle with 
respect to a tire circumferential direction, are provided 
parallel to each other; a tread provided on a top of the 
reinforcing layers which are laminated; and a block- 
shaped land portion having a sipe, the block-shaped 
land portion being defined on a tread surface by main 
grooves formed in the tire circumferential direction and 
by lug grooves formed in a direction intersecting the 
main grooves; wherein the sipe is shaped as a closed 
loop which is connected with neither the main groove 
nor the lug groove, the sipe including a surface portion 
exposed on a contact patch area of the block-shaped 
land portion and a bottom portion formed in a bottom of 
the sipe, the sipe being twisted from the surface portion 
toward the bottom portion. 

[0029] In the fifth aspect of the invention, since the 
sipe is structured so as to be twisted from the surface 
portion toward the bottom portion, when the block- 
shaped land portion is compressed in a height direction 
due to ground contact pressure and expands in a cross 
direction, small blocks divided by the sipe abut each 
other. Moreover, since the sipe which is formed in the 
shape of a closed loop is twisted, the small blocks 
divided by the sipe abut each other not only due to a 
force exerted in the tire circumferential direction (the tire 
rotation direction), but also due to forces exerted from 
other directions. Further, since the small blocks perform 
a rotational motion due to ground contact pressure, the 
adjacent small blocks abut each other with a strong 
force. 

[0030] In this way, since the sipe is formed with a 
twist, the small blocks abut each other with a strong 
force, so that leaning is suppressed with certainty. As a 
result, a contact patch area area on the contact patch 
area of the small blocks increases, and a performance 
on ice and snow improves. 

[0031] Moreover, when ground contact pressure is 
exerted on the contact patch area of the block-shaped 
land portion, the block-shaped land portion is com- 
pressed in the height direction, so that the small blocks, 
while guided by the sipe, deform in a direction in which 
the sipe is further twisted. Due to this deformation, an 
SAT (a torque for restoring the small blocks to their orig- 
inal shape) exerted in a direction opposit to the twisting 
direction of the small blocks is generated on the small 
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blocks. 

[0032] Thus, by forming the block-shaped land por- 
tion, in which the sipes are twisted in an appropriate 
direction, on the tread surface, an SAT, generated by an 
inclination, with respect to the tire circumferential direc- s 
tion, of cords which form an outermost layer of the rein- 
forcing layers is reduced. That is, the SAT due to the 
cords can be suppressed by the SAT generated at the 
block-shaped land portion. 

[0033] Accordingly, a favorable steering stability on 10 
icy and snowy roads and the like can be obtained with a 
vehicle to which such pneumatic tires are mounted. 
[0034] A sixth aspect of the invention is a pneu- 
matic tire according to any of the first through fifth 
aspects, wherein the block-shaped land portion is is 
twisted from the contact patch area toward the bottom 
portion. 

[0035] In the sixth aspect of the invention, since not 
only the sipe but also the block-shaped land portion is 
twisted, a force exerted on the block-shaped land por- 20 
tion in the rotation direction due to ground contact pres- 
sure increases. Accordingly, in the block-shaped land 
portion, a force which causes the adjacent small blocks 
to abut each other, or an SAT of the small blocks (a 
torque for restoring the small blocks to their original 25 
shapes) increases further, thereby further increasing 
steering stability of the pneumatic tire. 
[0036] A seventh aspect of the invention is a pneu- 
matic tire according to the sixth aspect, wherein a direc- 
tion of twisting of the block-shaped land portion is the 30 
same as a direction of twisting of the sipe twisted from 
the contact patch area toward the bottom of the sipe. 
[0037] In the seventh aspect of the invention, since 
the twist direction of the sipe twisted from the contact 
patch area toward the bottom of the sipe and the twist 35 
direction of the block-shaped land portion are the same, 
the direction of the rotation of the small blocks caused 
by the sipe due to ground contact pressure and the 
direction of the rotation of the block-shaped land portion 
caused by the twist of the block-shaped land portion 40 
coincide. Accordingly, an SAT (a torque for restoring the 
block to the original shape) generated in the block- 
shaped land portion increases further, thereby further 
facilitating suppression of the SAT generated by the 
cords. As a result, steering stability improves even 45 
more. 

[0038] An eighth aspect of the invention is a pneu- 
matic tire according to the sixth aspect, wherein a direc- 
tion of twisting of the block-shaped land portion is 
opposite to a direction of twisting of the sipe from the so 
contact patch area toward the bottom of the sipe. 
[0039] In the eighth aspect of the invention, since 
the twist direction of the block-shaped land portion and 
the twist direction of the sipe twisted from the contact 
patch area toward the bottom of the sipe are opposite, 55 
the direction of the rotation of the block-shaped land 
portion caus d by the twist of the block-shaped land 
portion and the direction of the rotation of the small 



8 

blocks caused by the twist of the sipe are opposite. 
Therefore, the small blocks may be brought into contact 
with each other with a strong force. As a result, leaning 
of the small blocks is suppressed still further and the 
performance on ice and snow improves. 

Brief Description of the Drawings 
[0040] 

Rg. 1 is a plan view of a tread of a pneumatic tire 

relating to the present invention. 

Rg. 2 is a perspective view of a block relating to a 

first embodiment of the present invention. 

Rg. 3 is a plan view of the block relating to the first 

embodiment of the present invention. 

Rg. 4 is a side view of the block relating to the first 

embodiment of the present invention. 

Rg. 5 is a side view of a block relating to a second 

embodiment of the present invention. 

Rg. 6 is a diagram explaining the shape of a blade 

relating to the second embodiment of the present 

invention. 

Rg. 7 is a plan view of a block relating to a third 

embodiment of the present invention. 

Rg. 8 is a diagram explaining the shape of a blade 

relating to the third embodiment of the present 

invention. 

Rg. 9 is a diagram explaining the shape of a blade 
relating to a fourth embodiment of the present 
invention. 

Rg. 10 is a plan view of a block relating to a fifth 
embodiment of the present invention. 
Rg. 1 1 is a plan view of a block relating to a sixth 
embodiment of the present invention. 
Rg. 1 2 is a plan view of a block relating to a seventh 
embodiment of the present invention. 
Rg. 1 3 is a side view of the block relating to the sev- 
enth embodiment of the present invention. 
Rg. 1 4 is a plan view of a block relating to an eighth 
embodiment of the present invention. 
Rg. 15 is a side view of the block relating to the 
eighth embodiment of the present invention. 
Rg. 16 is a plan view of a block relating to a ninth 
embodiment of the present invention. 
Rg. 17 is a side view of the block relating to the 
ninth embodiment of the present invention. 
Rg. 18 is a perspective view of a block relating to 
Comparative Example 1 . 

Rg. 19 is a perspective view of a block relating to 
Comparative Example 2. 
Rg. 20 is a diagram showing SAT test results. 
Rg. 21 is a diagram showing displacement amount 
test results. 

Rg. 22 is a diagram showing on-ice brake perform- 
ance test results. 

Rg. 23 is a graph showing the relationship between 
twist angle and displacement amount. 
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Rg. 24 is a graph showing the relationship between 
location of a rotation axis and stiffness of a small 
block. 

Rg. 25 is a graph showing the relationship between 
location of a rotation axis and stiffness of a small 5 
block. 

Best Mode for Implementing the Invention 

[0041] In order to describe the present invention in 10 
more detail, the invention will be described in accord- 
ance with the accompanying drawings. 

[Rrst Embodiment] 

15 

[0042] A pneumatic tire relating to a first embodi- 
ment of the present invention wilt be described in 
accordance with Rg. 1 through Rg. 4. 
[0043] As illustrated in Rg. 1, in a tread 12 of a 
pneumatic tire 1 0 of the present embodiment, a plurality 20 
of blocks 1 8 are formed. The blocks 1 8 are demarcated 
by main grooves 14, which extend along the tire circum- 
ferential direction (the direction indicated by arrow A, 
and referred to as the A direction hereinafter), and by 
lug grooves 16, which extend along the tire transverse 25 
direction (the direction indicated by arrow B, and 
referred to as the B direction hereinafter). 
[0044] Reinforcing layers in which steel cords 19 
are inclined at a predetermined angle with respect to an 
A direction are laminated under the tread 1 2 in order to 30 
ensure stiffness of the pneumatic tire 10. In the outer- 
most reinforcing layer closest to the tread 12 surface, 
the steel cords 1 9 are disposed parallel to each other 
and inclined at a predetermined angle 61 with respect to 
the A direction as shown in Fig. 1 . 35 
[0045] As shown in Fig. 2, sipes 24 (both-sides- 
open), which open to side surfaces 20, 22 in the B direc- 
tion, are formed in the block 1 8. 
[0046] The sipe 24 includes a surface portion 28, 
which is linear at a contact patch area 26, and a bottom 40 
portion 30, which is linear at a bottom of the sipe. A plan 
view seen from the contact patch area 26 shows that 
the surface portion 28 and the bottom portion 30 cross 
in an X shape as illustrated in Fig. 3. 
[0047] Moreover, the sipe 24 includes a first side 45 
surface portion 32, which is linear at the side surface 20, 
and a second side surface portion 34, which is linear at 
the side surface 22. A side view seen from the side sur- 
face 20 shows that the first side surface portion 32 and 
the second side surface portion 34 cross in an X shape so 
as illustrated in Rg. 4. 

[0048] That is, the sipe 24 is shaped so as to pass 
through a cross-point where the surface portion 28 and 
the bottom portion 30 intersect in the plan view seen 
from the contact patch area 26, and is twisted at an 55 
angle 62 from the surface portion 28 toward the bottom 
portion 30 around a rotation axis Z perp ndicular to the 
contact patch area 26. 



[0049] Further, the sipe 24 is shaped so as to pass 
through a cross-point where the first side surface por- 
tion 32 and the second side surface portion 34 intersect 
in the side view seen from the side surface 20, and is 
twisted at an angle 612 from the first side surface por- 
tion 32 toward the second side surface portion 34 
around a rotation axis Y substantially parallel to the con- 
tact patch area 26. 

[0050] The block 1 8 is divided into small blocks 1 8a 
to 1 8d at the contact patch area 26 side by means of the 
sipes 24 formed in such a manner. 
[0051] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0052] A force perpendicular to the contact patch 
area 26 is exerted from the road surface on the contact 
patch area 26 of the block 1 8. Due to this, the block 1 8 
is compressed in a height direction (the direction indi- 
cated by arrow C, and referred to as the C direction 
hereinafter) and expands in a cross direction (the A, B 
directions), and as a result, the small blocks opposing 
one another across the sipe 24 abut each other. At this 
time, since the sipe 24 is formed with a twisted shape, 
the adjacent small blocks abut each other not only due 
to a force exerted in the A direction (the tire rotation 
direction) caused by frictional force, but also due to a 
force exerted in the B direction upon cornering, and the 
like. 

[0053] Moreover, since the small blocks 18a to 18d 
rotate clockwise (see the solid line arrows in Rg. 3) in 
the plan view seen from the contact patch area 26 due 
to ground contact pressure, the adjacent small blocks 
abut each other. 

[0054] That is, since the sipe 24 is formed with a 
twisted shape, the adjacent small blocks strongly abut 
each other due to forces exerted from various direc- 
tions. 

[0055] Accordingly, leaning of the small blocks 18a 
to 1 8d is greatly suppressed, and a contact patch area 
area on the contact patch area 26 of the block 18 
increases, so that a favorable performance on ice and 
snow is ensured. 

[0056] Further, due to the above-described rotation 
of the small blocks 18a to 18d, a counterclockwise 
torque for restoring the smalt block to the original shape 
(SAT) is generated at each of the small blocks 1 8a to 
1 8d (see broken line arrows in Rg. 3). 
[0057] Therefore, a clockwise SAT (see arrows in 
Rg. 1) generated due to the steel cords 19 provided 
parallel to each other in the outermost reinforcing layer 
can be suppressed (reduced) by a counterclockwise 
SAT generated by each block 1 8. 
[0058] It is preferable that a position P1 of the rota- 
tion axis Z in the plan view seen from the contact patch 
area 26 is within a range of 0.2W < P1 £0.8W (where 
W is the width of the block 1 8 in the B direction and the 
same definition holds hereinafter) from the side surfac 
20 toward the side surface 22 in the B direction. By 
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locating the rotation axis Z within this range, stiffness of 
the small blocks 1 8a to 1 8d increases and leaning of the 
small blocks 18a to 18d can be prevented. Conse- 
quently, the performance on ice and snow improves 
even more. 5 
[0059] It is also preferable that a position P2 of the 
rotation axis Y in the side view seen from the side sur- 
face 20 is within a range of 0.2F < P1 < 0.6F (where F 
is the vertical (C direction) depth of the sipe 24 and the 
same definition holds hereinafter) from the contact 
patch area 26 toward the bottom portion 30 (the bottom 
of the sipe) in the C direction. By locating the rotation 
axis Y within this range, stiffness of the small blocks 1 8a 
to 18d increases and leaning of the small blocks 18a to 
18d can be prevented. Consequently, the performance 
on ice and snow improves even more. 
[0060] The size of the block 18 according to the 
present embodiment is a L (Length) x W (Width) x H 
(Height) of 30 mm x 20 mm x 1 0 mm. The vertical depth 
F of the sipe 24 from the contact patch area 26 is 8 mm. 
Moreover, the sipes 24 are formed in positions where at 
the side surface 20, 'a', which is the distance from an 
end surface of the block 1 8 in the A direction and also is 
the distance between the adjacent sipes, is 7 mm, and 
'b*, which is the distance to the other end surface, is 9 
mm, while at the opposite side surface 22, 'b', the dis- 
tance from the end surface of the block 18 in the A 
direction, is 9 mm, and 'a', the distance between the 
adjacent sipes and the distance to the other end sur- 
face, is 7 mm. The sipe 24 is shaped such that straight 
lines connect the both side end surfaces. The twist 
angle 02 of the sipe 24 is 1 1 .4° and the twist angle 612 
is 28.1°. 

[Second Embodiment] 

[0061] Next, a pneumatic tire relating to a second 
embodiment of the present invention will be described 
in accordance with Figs. 5 and 6. Since the only differ- 
ence between the pneumatic tire of the first embodi- 
ment and that of the present embodiment is the shape 
of sipes, only a sipe and a blade which is used to form 
the sipe will be described. The same reference numer- 
als are used to designate elements which are the same 
as those in the first embodiment, and detailed descrip- 
tion thereof will be omitted. 

[0062] First, the shape of a blade which forms a 
sipe will be described in accordance with Fig. 6. A blade 
40 is formed with such a shape that protruding portions 
42, which are triangular with a height of 0.5 K in a D 
directional section, are formed in a zigzag, i.e., protrud- 
ing alternately on the both sides of a virtual central 
plane V with intervals J. Each protruding portion 42 
extends in the E direction which is perpendicular to the 
D direction. The blade 40 formed in such a manner is 
placed such that the virtual central plane V is located at 
the same position where the sipe 24 of the first embod- 
iment is located, and the blocks are vulcanization 



12 

molded in a mold. 

[0063] A sipe 44 of the block 18 molded by the 
blade 40 is formed such that when side-viewed from the 
side surface 20 as shown in Fig. 5, a virtual central 
plane V of the sipe 44 is located at the same position in 
the block 18 where the sipe 24 of the first embodiment 
is located. 

[0064] That is, when side-viewed from the side sur- 
face 20, (a virtual central plane V of) a first side surface 
portion 46 in the side surface 20 and (a virtual central 
plane V of) a second side surface portion 48 in the side 
surface 22 cross in an X shape as illustrated in Fig. 5. 
Moreover, the sipe 44 is formed such that in a plan view 
seen from the contact patch area 26, the virtual central 
plane V of the sipe 44 is located at the position where 
the sipe 24 in Fig. 3 is located. 

[0065] Therefore, substantially in the same manner 
as the sipe 24 of the first embodiment, the virtual central 
plane V of the sipe 44 has a shape which is twisted at an 
angle 02, in the plan view seen from the contact patch 
area 26 (see Rg. 3), from the contact patch area 26 
toward the bottom of the sipe around the rotation axis Z 
perpendicular to the contact patch area 26. 
[0066] Further, the virtual central plane V of the 
sipe 44 is shaped so as to pass through a cross-point 
where the virtual central plane V at the side surface 20 
and the virtual central plane V at the side surface 22 
intersect in the side view seen from the side surface 20 
and which is twisted at an angle 612 from the side sur- 
face 20 toward the side surface 22 around the rotation 
axis Y substantially parallel to the contact patch area 26 
(see Rg. 5). 

[0067] As shown in Fig. 5, the sipe 44 has first pro- 
truding portions 45a which protrude in a first direction 
with respect to the virtual central plane V and second 
protruding portions 45b which protrude in a second 
direction opposite to the first direction corresponding to 
the protruding portions 42 of the blade 40. 
[0068] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0069] That is, in the same manner as the first 
embodiment, since the sipe 44 is formed with a twist of 
an angle 62, the adjacent small blocks abut each other 
with a strong force due to forces from various directions 
exerted from the contact patch area 26 of the block 1 8. 
[0070] Further, since the small blocks 18a to 18d 
rotate clockwise (see solid line arrows in Rg. 3) in the 
plan view seen from the contact patch area 26 due to 
ground contact pressure, the adjacent small blocks abut 
each other. 

[0071] In particular, since the sipe 44 has recessed 
and protruding portions whose AC-section (a section 
cut by a plane defined by the A direction and the C 
direction and the same definition holds hereinafter) is 
triangular, the surfaces of the recessed and protruding 
portions of the adjacent small blocks abut each oth r 
across the sipe 44 by compression of the small blocks 
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1 8a to 1 8d in the C direction. 

[0072] As a result, leaning of the small blocks 18a 
to 1 8d is suppressed further, and the performance on 
ice and snow can be improved even more. 
[0073] Moreover, in the same manner as the first 
embodiment, since the sipe 44 has a shape which is 
twisted at an angle 02 around the rotation axis Z, the 
small blocks 1 8a to 1 8d rotate clockwise in the plan view 
seen from the contact patch area 26 due to ground con- 
tact pressure. 

[0074] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in each of the small blocks 18a to 
18d. 

[0075] Therefore, a clockwise SAT (see arrows in 
Fig. 1) generated due to the steel cords 19 provided 
parallel to each other in the outermost reinforcing layer 
can be suppressed (reduced) by a counterclockwise 
SAT generated by each block 1 8. 
[0076] ft is preferable that, in the same manner as 
the first embodiment, a position P1 of the rotation axis Z 
in the plan view seen from the contact patch area 26 is 
within a range of 0.2W < P1 < 0.8W from the side sur- 
face 20 toward the side surface 22 in the B direction. It 
is also preferable that a position P2 of the rotation axis 

Y in the side view seen from the side surface 20 is within 
a range of 0.2 F < P2 < 0.6F from the contact patch area 
26 toward the bottom portion 30 in the C direction. By 
locating the rotation axis Z and the rotation axis Y within 
these ranges, stiffness of the small blocks 18a to 18d 
increases and leaning of the small blocks 18a to 18d 
can be prevented. Consequently, the performance on 
ice and snow improves even more. 

[0077] In the same manner as the first embodiment, 
the size of the block 1 8 according to the present embod- 
iment is a L (Length) x W (Width) x H (Height) of 30 mm 
x 20 mm x 10 mm. The vertical depth F of the sipe 44 
from the contact patch area 26 is 8 mm. Moreover, the 
sipes 44 are formed such that the virtual central planes 

V are located in positions where at the side surface 20, 
"a", which is the distance from an end surface of the 
block 18 in the A direction and also is the distance 
between the adjacent sipes, is 7 mm, and 'b\ which is 
the distance to the other end surface, is 9 mm, while at 
the opposite side surface 22, 'b\ the distance from the 
end surface of the block 18 in the A direction, is 9 mm, 
and 'a', the distance between the adjacent sipes and the 
distance to the other end surface, is 7 mm. The sipe 44 
is shaped such that straight lines connect the both side 
end surfaces. The twist angle 02 of the sipe 44 is 1 1 .4° 
and the twist angle 612 is 28.1°. 

[0078] The sipe 44 has a shape in which the D 
direction of the virtual central plane V of the blade 40 
corresponds with the sipe depth direction and the E 
direction corresponds with the sipe transverse direction. 
Accordingly, the interval and height of the triangular 
section of the sip 44 are the same as those of th 
blade. The distance J between vertices of the adjacent 



triangles is 2 mm, and the height difference K between 
the vertices is 1 mm (the height from the virtual central 
plane V (0.5 K) is 0.5 mm). 

5 [Third Embodiment] 

[0079] Next, a pneumatic tire relating to a third 
embodiment of the present invention will be described 
in accordance with Fig. 7 and Fig. 8. Since the only dif- 

10 ference between the pneumatic tires of the first and sec- 
ond embodiments and that of the present embodiment 
is the shape of sipes, only a sipe and a blade which is 
used to form the sipe will be described. The same refer- 
ence numerals are used to designate elements which 

is are the same as those in the first and second embodi- 
ments, and detailed description thereof will be omitted. 
[0080] First, the shape of a blade which forms a 
sipe will be described in accordance with Fig. 8. A blade 
50 is formed with such a shape that protruding portions 

20 52, which are triangular with a height of 0.5 L in an E 
directional section, are formed in a zigzag, i.e., protrud- 
ing alternately on the both sides of a virtual central 
plane V with intervals M. Each protruding portion 52 
extends in the D direction which is perpendicular to the 

25 E direction. The blade 50 with such a structure is placed 
such that the virtual central plane V is located at the 
same position where the sipe 24 of the first embodiment 
is located, and the blocks are vulcanization molded in a 
mold. 

30 [0081] A sipe 54 of the block 18 molded by the 
blade 50 is provided such that in a plan view seen from 
the contact patch area 26 as shown in Fig. 7, the virtual 
central plane V is located at the same position where 
the sipe 24 of the first embodiment is located. That is, in 

35 the plan view seen from the contact patch area 26, (a 
virtual central plane V of) a surface portion 56 of the 
sipe 54 at the contact patch area 26 and (a virtual cen- 
tral plane V of) a bottom portion 58 at the bottom of the 
sipe cross in an X shape as illustrated in Fig. 7. 

40 [0082] Further, the sipe 54 is formed such that 
when side-viewed from the side surface 20, a virtual 
central plane V of the sipe 54 is located at the position 
where the sipe 24 in Fig. 4 is located, and the virtual 
central plane V at the side surface 20 and the virtual 

45 central plane V at the side surface 22 cross in an X 
shape. 

[0083] Therefore, substantially in the same manner 
as the sipe 24 of the first embodiment, the sipe 54 is 
shaped so as to pass through a cross-point where the 

so virtual central plane V of the surface portion 56 and the 
virtual central plane V of the bottom portion 58 intersect 
and is twisted at an angle 02 from the contact patch 
area 26 toward the bottom of the sipe around the rota- 
tion axis Z perpendicular to the contact patch area 26. 

55 [0084] Moreover, the sipe 54 is shaped, in the side 
view, so as to pass through a cross-point where the vir- 
tual central plan V at the side su riace 20 and the virtual 
central plane V at the side surface 22 intersect and is 
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twisted at an angle 812 from the side surface 20 toward 
the side surface 22 around the rotation axis Y substan- 
tially parallel to the contact patch area 26. 
[0085] As shown in Rg. 7, the sipe 54 has first pro- 
truding portions 55a which protrude in a first direction s 
with respect to the virtual central plane V and second 
protruding portions 55b which protrude in a second 
direction opposite to the first direction corresponding to 
the protruding portions 52 of the blade 50. 
[0086] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0087] That is, in the same manner as the first 
embodiment, since the sipe 54 is formed with a twist of 
an angle 02 in the plan view seen from the contact patch 
area 26, the small blocks 1 8a to 1 8d strongly abut each 
other not only due to a force exerted from the A direction 
due to a f rational force, but also due to forces from var- 
ious directions exerted from the contact patch area 26 
of the block 1 8. In particular, since the sipe 54 is pro- 
vided with recessed and protruding portions having a 
triangular section in a plane parallel to the contact patch 
area 26, the adjacent small blocks are brought to fit 
together with a strong force at their recessed and pro- 
truding portions as the small blocks 18a to 18d deform 
(rotate) in the direction indicated by solid lines due to 
compression in the C direction. 
[0088] Thus, leaning of the small blocks 1 8a to 1 8d 
is suppressed further, and the performance on ice and 
snow can be improved even more. 
[0089] Moreover, in the same manner as the first 
embodiment, since the sipe 54 has a shape twisted at 
an angle 02 around the rotation axis Z, the small blocks 
18a to 18d rotate clockwise in the plan view seen from 
the contact patch area 26 (see the solid line arrows in 
Rg. 7) due to ground contact pressure. 
[0090] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in each of the small blocks 1 8a to 
18d (see broken line arrows in Fig. 7). 
[0091] Therefore, a clockwise SAT (see arrows in 
Rg. 1) generated due to the steel cords 19 provided 
parallel to each other in the outermost reinforcing layer 
can be suppressed (reduced) by a counterclockwise 
SAT generated by each block 18. 
[0092] It is preferable that a position P1 of the rota- 
tion axis Z in the plan view seen from the contact patch 
area 26 is within a range of 0.2W < P1 < 0.8W from the 
side surface 20 toward the side surface 22 in the B 
direction in the same manner as the first embodiment. It 
is also preferable that a position P2 of the rotation axis 
Y in the side view seen from the side surface 20 is within 
a range of 0.2 F < P2 <> 0.6F from the contact patch area 
26 toward the bottom portion (the bottom of the sipe) in 
the C direction. By locating the rotation axis Z and the 
rotation axis Y within these ranges, stiffness of the small 
blocks 18a to 18d incr ases and leaning of th small 
blocks 18a to 18d can be prevented. Consequently, the 
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performance on ice and snow improves even more. 
[0093] In the same manner as the first embodiment, 
the size of the block 1 8 according to the present embod- 
iment is a L (Length) x W (Width) x H (Height) of 30 mm 
x 20mm x 10mm. The vertical depth F of the sipe 54 
from the contact patch area 26 is 8 mm. Moreover, the 
sipes 54 are formed such that the virtual central planes 
V are located in positions where at the side surface 20, 
'a', which is the distance from an end surface of the 
block 18 in the A direction and also is the distance 
between the adjacent sipes, is 7 mm, and 'b', which is 
the distance to the other end surface, is 9 mm, while at 
the opposite side surface 22, 'b\ the distance from the 
end surface of the block 1 8 in the A direction, is 9 mm, 
and 'a 1 , the distance between the adjacent sipes and the 
distance to the other end surface, is 7 mm. The sipe 54 
is shaped such that straight lines connect the both side 
end surfaces. The twist angle G2 of the sipe 54 is 1 1 .4° 
and the twist angle 61 2 is 28.1 °. 
[0094] The sipe 54 is shaped such that the D direc- 
tion of the virtual central plane V of the blade 50 corre- 
sponds with the sipe depth direction and the E direction 
corresponds with the sipe transverse direction. Accord- 
ingly, the interval and height of the triangular section of 
the sipe 54 are the same as those of the blade 50. The 
distance M between vertices of the adjacent triangles is 
1 mm, and the height difference L between the vertices 
is 1 mm (the height from the virtual central plane V (0.5 
L) is 0.5 mm). 

[Fourth Embodiment] 

[0095] Next, a pneumatic tire relating to a fourth 
embodiment of the present invention will be described 
in accordance with Rg. 9. Since the only difference 
between the pneumatic tires of the first to third embodi- 
ments and that of the present embodiment is the shape 
of the sipes, description of a blade which is used to form 
a sipe will be presented instead of describing the shape 
of the sipe. The same reference numerals are used to 
designate elements which are the same as those in the 
first to third embodiments, and detailed description 
thereof will be omitted. 

[0096] As shown in Rg. 9, a blade 60 is formed in a 
shape such that protruding portions 62, which are trian- 
gular in cross-section and protrude alternately on the 
both sides of a virtual central plane V, are provided con- 
tinuously in the directions indicated by arrow G which 
are inclined at predetermined angles with respect to 
both the D direction and the E direction. 
[0097] The blade 60 is formed in a shape such that 
the protruding portions 62, which are triangular with a 
height of 0.5 K in a D directional section, are formed in 
a zigzag, i.e., protruding alternately at the both sides of 
the virtual central plane V with intervals J in the same 
manner as those in the second embodiment. Also, the 
blade 60 is formed in a shape such that th protruding 
portions 62, which are triangular with a height of 0.5 L in 
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an E directional section, are formed in a zigzag, i.e., 
protruding alternately at the both sid s of the virtual 
central plane V with intervals M in the same manner as 
those in th third embodiment 

[0098] The blade 60 formed with such a structure is 5 
placed such that the virtual central plane V is located at 
the same position where the sipe 24 of the first embod- 
iment is located, and the blocks are vulcanization 
molded in a mold. 

[0099] A sipe (not shown) of the block 1 8 molded by 
the blade 60 is provided such that the virtual central 
plane V is located at the same position where the sipe 
24 of the first embodiment is located. That is, the sipe is 
shaped such that the virtual central plane V thereof is 
twisted at an angle 62 from the contact patch area 26 
toward the bottom of the sipe around the rotation axis Z 
perpendicular to the contact patch area 26 (see Fig. 7). 
Moreover, the sipe has such a shape that the virtual 
central plane V thereof is twisted at an angle 012 from 
the side surface 20 toward the side surface 22 around 
the rotation axis Y substantially parallel to the contact 
patch area 26 (see Fig. 5). 

[0100] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0101] That is, in the same manner as the first 
embodiment, since the sipe is formed with a twist of an 
angle 02 when viewed from the contact patch area 26, 
the small blocks 1 8a to 1 8d strongly abut each other not 
only due to a force exerted from the A direction, but also 
due to forces from various directions exerted from the 
contact patch area 26 of the block 1 8. 
[0102] In particular, since the sipe is provided with 
recessed and protruding portions having triangular sec- 
tions both in the sipe depth direction and at a plane par- 
allel to the contact patch area 26, the recessed and 
protruding surfaces of the adjacent small blocks 1 8a to 
1 8d strongly abut each other across the sipe by C direc- 
tional compression of the small blocks 1 8a to 1 8d, and 
at the same time, the recessed and protruding portions 
of the adjacent small blocks 1 8a to 1 8d are brought to fit 
together strongly by rotational motion of the small 
blocks 1 8a to 1 8d as a result of compression. 
[0103] Thus, leaning of the small blocks 1 8a to 1 8d 
is suppressed further, and the performance on ice and 
snow can be improved even more. 
[0104] Moreover, in the same manner as the first 
embodiment, since the sipe has a shape twisted at an 
angle 62 around the rotation axis Z, the small blocks 
1 8a to 1 8d rotate clockwise in a plan view seen from the 
contact patch area 26 when receiving ground contact 
pressure. 

[0105] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in each of the small blocks 18a to 
18d. 

[0106] Therefore, a clockwise SAT (see arrows in 
Fig. 1) generated due to the steel cords 19 provided 
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parallel to each other in the outermost reinforcing layer 
can be suppressed (r duced) by a count rclockwise 
SAT generated by each block 18. 
[0107] It is preferable that, in the same manner as 
the first embodiment, a position P1 of the rotation axis Z 
in the plan view seen from the contact patch area 26 is 
within a range of 0.2W < P1 < 0.8W from the side sur- 
face 20 toward the side surface 22 in the B direction. It 
is also preferable that a position P2 of the rotation axis 
Y in the side view seen from the side surface 20 is within 
a range of 0.2F < P2 < 0.6F from the contact patch area 
26 toward the bottom portion 30 (the bottom of the sipe) 
in the C direction. By locating the rotation axis Z and the 
rotation axis Y within these ranges, stiffness of the small 
blocks 18a to 18d increases and leaning of the small 
blocks 18a to 18d can be prevented. Consequently, the 
performance on ice and snow improves even more. 
[0108] In the same manner as the first embodiment, 
the size of the block 1 8 according to the present embod- 
iment is a L (Length) x W (Width) x H (Height) of 30 mm 
x 20 mm x 1 0 mm. The vertical depth F of the sipe from 
the contact patch area 26 is 8 mm. Moreover, the sipes 
are formed such that the virtual central planes V are 
located in positions where at the side surface 20, 'a\ 
which is the distance from an end surface of the block 
1 8 in the A direction and also is the distance between 
the adjacent sipes, is 7 mm, and 'b\ which is the dis- 
tance to the other end surface, is 9 mm, while at the 
opposite side surface 22, 'b', the distance from the end 
surface of the block 1 8 in the A direction, is 9 mm, and 
'a', the distance between the adjacent sipes and the dis- 
tance to the other end surface, is 7 mm. The sipe is 
shaped such that straight lines connect the both end 
surfaces. The twist angle 62 of the sipe is 1 1 .4° and the 
twist angle 612 is 28.1°. 

[0109] The sipe has a shape in which the D direc- 
tion of the virtual central plane V of the blade 60 corre- 
sponds with the sipe depth direction and the E direction 
corresponds with the sipe transverse direction. Accord- 
ingly, intervals and heights of the triangular sections of 
the sipe are the same as those of the blade 60. Trie dis- 
tance J between vertices of the triangles adjacent in the 
sipe transverse direction is 2 mm, and the height differ- 
ence K between the vertices is 1 mm (the height from 
the virtual central plane V (0.5K) is 0.5 mm). The dis- 
tance M between vertices of the triangles adjacent in 
the sipe depth direction is 1 mm, and the height differ- 
ence L between the vertices is 1 mm (the height from 
the virtual central plane V (0.5L) is 0.5 mm). 

[Fifth Embodiment] 

[0110] Further, a pneumatic tire relating to a fifth 
embodiment of the present invention will be described 
in accordance with Rg. 10. Since the only differences 
between the pneumatic tire of the first embodiment and 
that of the present embodiment are the block shape and 
the sipe shape, only blocks and sipes will be described. 
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The same reference numerals are used to designate 
elements which are the same as thos in th first 
embodiment, and detailed description thereof will be 
omitted. 

[0111] A block 70 is shaped so as to be rotated at s 
an angle 63 from a bottom surface 72, which is located 
at the same height as the main groove 14 in the tread 
surface, toward a contact patch area 74 around a rota- 
tion axis U in a plan view seen from the contact patch 
area 74. That is, the block 70 has a shape which is 
twisted counterclockwise at an angle 93 from the con- 
tact patch area 74 toward the bottom surface 72 around 
the rotation axis U perpendicular to the contact patch 
area 74. 

[0112] A sipe 76 provided in the block 70 is also 
formed such that a surface portion 78, which is linear at 
the contact patch area 74, and a bottom portion 80, 
which is linear at the bottom of the sipe, cross in an X- 
letter shape in a plan view seen from the contact patch 
area 74. That is, the sipe 76 also is shaped so as to be 
twisted counterclockwise, in the same direction as the 
rotation of the block 1 8, at an angle 04 from the contact 
patch area 74 toward the bottom of the sipe around the 
rotation axis Z perpendicular to the contact patch area 
74. 

[0113] Moreover, the sipe 76 is formed such that a 
first side surface portion 75 which is linear at a side sur- 
face 71 and a second side surface portion 77 which is 
linear at a side surface 73 cross in an X shape in a side 
view seen from the side surface 71 . That is, the sipe 76 
also is shaped so as to be twisted at an angle 013 (not 
shown) from the first side surface portion 75 toward the 
second side surface portion 77 around the rotation axis 
Y (not shown) parallel to the contact patch area 74. 
[0114] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0115] That is, in the same manner as the first 
embodiment, since the sipe 76 is formed with a twist of 
an angle 64, small blocks 70a to 70d strongly abut each 
other not only by a force exerted from the A direction, 
but also by forces from various directions exerted from 
the contact patch area 74 of the block 70. 
[0116] Furthermore, since the sipe 76 and the block 
70 are twisted in the same direction, the small blocks 
70a to 70d carry out clockwise rotational movement 
(see solid line arrows in Fig. 10) in a plan view seen 
from the contact patch area 74, and the adjacent small 
blocks abut each other with even stronger forces. 
[0117] Thus, leaning of the small blocks 70a to 70d 
is suppressed further, and the performance on ice and 
snow can be improved even more. 
[0118] Moreover, in the same manner as the first 
embodiment, since the sipe 76 is shaped so as to be 
twisted at an angle 64 around the rotation axis Z, the 
small blocks 70a to 70d rotate clockwise (see the solid 
line arrows in Fig. 10) in the plan view seen from th 
contact patch area 74 due to ground contact pressure. 



[0119] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in each of the small blocks 70a to 
70d (s e the broken line arrows in Fig. 10). 
[0120] At the same time, since the block 70 also has 
a shape which is twisted at an angle 03 around the rota- 
tion axis U, the block 70 rotates clockwise (see the thick 
solid line arrows in Fig. 10) in the plan view seen from 
the contact patch area 74 due to ground contact pres- 
sure. 

[0121] Due to this rotation, a counterclockwise 
torque for restoring the block to the original shape (SAT) 
is generated also in the block 70 (see the thick broken 
line arrows in Fig. 10). 

[0122] In this manner, in the block 70 of the present 
embodiment, by forming the block 70 and the sipe 76 
with shapes twisted in the same direction, it is possible 
for a stronger SAT to be generated. 
[0123] Therefore, a clockwise SAT (see arrows in 
Fig. 1) generated due to the steel cords 19 provided 
parallel to each other in the outermost reinforcing layer 
can be suppressed (reduced) by a counterclockwise 
torque generated by the block 70 and the small blocks 
70a to 70d. 

[0124] It is preferable that, in the same manner as 
the first embodiment, a position P1 of the rotation axis Z 
in the plan view seen from the contact patch area 74 is 
within a range of 0.2W < P1 < 0.8W from the side sur- 
face 20 toward the side surface 22 in the B direction. It 
is also preferable that a position P2 of the rotation axis 
Y in the side view seen from the side surface 71 is within 
a range of 0.2F < P2 < 0.6F from the contact patch area 
26 toward the bottom portion 30 in the C direction. By 
locating the rotation axis Z and the rotation axis Y within 
these ranges, stiffness of the small blocks 18a to 18d 
increases and leaning of the small blocks 18a to 18d 
can be prevented. Consequently, the performance on 
ice and snow improves even more. 
[0125] As in the block 18 of the first embodiment, 
the size of the block 70 according to the present embod- 
iment is a L (Length) x W (Width) x H (Height) of 30 mm 
x 20 mm x 10 mm (see Fig. 2). Moreover, the vertical 
depth F of the sipe from the contact patch area 74 is 8 
mm. The twist angle 63 of the block 70 around the rota- 
tion axis U is 5°. 

[0126] Further, the sipes 76 are formed in positions 
where at a side surface 82, 'a', which is the distance 
from an end surface of the block 70 in the A direction 
and also is the distance between the adjacent sipes, is 
7 mm, and 'b\ which is the distance to the other end sur- 
face, is 9 mm, white at an opposite side surface 84, 'b\ 
the distance from the end surface of the block 70 in the 
A direction, is 9 mm, and 'a', the distance between the 
adjacent sipes and the distance to the other end sur- 
face, is 7 mm. The sipe 76 is shaped so that straight 
lines connect the both end surfaces. The twist angle 64 
of the sipe 76 is 1 1 .4° and the twist angle 613 is 28.1°. 
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[Sixth Embodiment] 

[0127] Still further, a pneumatic tire relating to a 
sixth embodiment of the present invention will be 
described in accordance with Fig. 1 1 . Since the only dif- s 
ferences between the pneumatic tire of the first embod- 
iment and that of the present embodiment are the block 
shape and the sipe shape, only blocks and sipes will be 
described. The same reference numerals are used to 
designate elements which are the same as those in the 
first embodiment, and detailed description thereof will 
be omitted. 

[0128] A block 90 has a shape which is twisted at 
an angle 65 from a bottom surface 92, which is located 
at the same height as the bottom of main groove 14 in 
the tread surface, toward a contact patch area 94 as 
shown in Fig. 1 1 . That is, the block 90 is shaped so as 
to be twisted clockwise at an angle 05 from the contact 
patch area 94 toward the bottom surface 92 around a 
rotation axis U perpendicular to the contact patch area 
94. 

[0129] A sipe 96 provided in the block 90 is also 
formed such that a surface portion 98, which is linear at 
the contact patch area 94, and a bottom portion 100, 
which is linear at the bottom of the sipe, cross in an X 
shape in a plan view seen from the contact patch area 
94. That is, the sipe 96 also is shaped so as to be 
twisted counterclockwise, which is opposite to the rota- 
tional direction of the block 18, at an angle 06 from the 
contact patch area 94 toward the bottom of the sipe 
around a rotation axis Z perpendicular to the contact 
patch area 94. 

[0130] Further, the sipe 96 is formed such that a 
first side surface portion 95 which Is linear at a side sur- 
face 91 and a second side surface portion 97 which is 
linear at a side surface 93 cross in an X shape in a side 
view seen from the side surface 91 . That is, the sipe 96 
is shaped so as to be twisted at an angle 014 (not 
shown) from the first side surface portion 95 toward the 
second side surface portion 97 around a rotation axis Y 
(not shown) parallel to the contact patch area 94. 
[0131] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0132] That is, in the same manner as the first 
embodiment, since the sipe 96 is formed with a twist of 
an angle 66, small blocks 90a to 90d strongly abut each 
other not only due to a force exerted from the A direc- 
tion, but also due to forces from various directions 
exerted from the contact patch area 94 of the block 90. 
[0133] Furthermore, since the sipe and the block 
are twisted in opposite directions, a torque of the oppo- 
site direction is exerted on the small blocks. Due to this, 
the adjacent small blocks abut each other extremely 
strongly. 

[0134] Thus, leaning of the small blocks 90a to 90d 
is suppressed further, and the performance on ice and 
snow can be improved even more. 
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[0135] Moreover, in th same manner as the first 
embodim nt, since the sipe 96 is shaped so as to be 
twisted at an angle 66 around the rotation axis Z, the 
small blocks 90a to 90d rotate clockwise (see solid line 
arrows in Fig. 1 1 ) in the plan view seen from the contact 
patch area 94 due to ground contact pressure. 
[0136] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in each of the small blocks 90a to 
90d (see broken line arrows in Rg. 11). 
[0137] At the same time, since the block 90 also is 
shaped so as to be twisted at an angle 65 around the 
rotation axis U, the block 90 rotates counterclockwise in 
the plan view seen from the contact patch area 94 due 
to ground contact pressure (see the thick solid line 
arrows in Rg. 1 1 ). 

[0138] Due to this rotation, a clockwise torque for 
restoring the block to the original shape (SAT) is gener- 
ated in the block 90 as well. 

[01 39] Thus, the torque difference between the two 
torques is the SAT generated in the block 90. 
[0140] Therefore, by providing the block 90 in an 
appropriate direction on the surface of the tread 12, the 
SAT generated due to the steel cords 19 provided paral- 
lel to each other in the outermost reinforcing layer (see 
the arrows in Rg. 1) can be suppressed (reduced) by 
the SAT generated by the block 90 and the SAT gener- 
ated by the small blocks 90a to 90d. 
[0141] It is preferable that, in the same manner as 
the first embodiment, a position P1 of the rotation axis Z 
in the plan view seen from the contact patch area 94 is 
within a range of 0.2W < P1 < 0.8W from the side sur- 
face 20 toward the side surface 22 in the B direction. It 
is also preferable that a position P2 of the rotation axis 
Y in the side view seen from the side surface 91 is within 
a range of 0.2F < P2 < 0.6F from the contact patch 
area 26 toward the bottom portion 30 in the C direction. 
By locating the rotation axis Z and the rotation axis Y 
within these ranges, stiffness of the small blocks 18a to 
18d increases and leaning of the small blocks 18a to 
18d can be prevented. Consequently, the performance 
on ice and snow improves even more. 
[0142] In the same manner as the block 18 of the 
first embodiment, the size of the block 90 according to 
the present embodiment is a L (Length) x w (Width) x H 
(Height) of 30 mm x 20 mm x 10 mm (see Rg. 2). More- 
over, the vertical depth F of the sipe from the contact 
patch area 94 is 8 mm. The twist angle 65 of the block 
90 around the rotation axis U is 5°. 
[0143] The sipes 96 are formed in positions where 
in a side surface 102, 'a', which is the distance from an 
end surface of the block 90 in the A direction and also is 
the distance between the adjacent sipes, is 7 mm, and 
*b\ which is the distance to the other end surface, is 9 
mm, while at an opposite side surface 104, 'b', the dis- 
tance from the end surface of the block 90 in the A 
direction, is 9 mm, and 'a', the distance between the 
adjacent sipes and the distance to the other end sur- 
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face, is 7 mm. The sipe 96 is shaped such that straight 
lines connect the both end surfaces. The twist angle 66 
of the sipe 96 is 1 1 .4° and the twist angle 61 4 is 28. 1 °. 

[Seventh Embodiment] 5 

[0144] Next, a pneumatic tire relating to a seventh 
embodiment of the present invention will be described 
in accordance with Fig. 12 and Fig. 13. Since the only 
difference between the pneumatic tire of the first 10 
embodiment and that of the present embodiment is the 
shape of sipes, only sipes will be described. The same 
reference numerals are used to designate elements 
which are the same as those in the first embodiment, 
and detailed description thereof will be omitted. 75 
[0145] A sipe 1 1 0 formed in the block 1 8 is shaped 
so as to be a quadrangular closed loop in an AB-sec- 
tion, and continuously connects a quadrangular surface 
portion 1 1 2 at the contact patch area 26 and a quadran- 
gular bottom portion 114, which has the same shape as 20 
the surface portion 112 and is located at a position 
rotated at an angle 67 in a plan view seen from the con- 
tact patch area 26. That is, the sipe 1 1 0 is shaped so as 
to be twisted counterclockwise at an angle 67 from the 
contact patch area 26 toward the bottom of the sipe 25 
around the rotation axis Z perpendicular to the contact 
patch area 26. The contact patch area 26 side of the 
block 18 is divided into an inner small block 18e and an 
outer small block 1 8f by the sipe 1 1 0. 
[0146] By driving a vehicle to which the pneumatic 30 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0147] The block 18 is compressed in the C direc- 
tion due to ground contact pressure and expands in the 
A direction and the B direction and accordingly, the 35 
small blocks 1 8e, 1 8f opposing across the sipe 110 abut 
each other. At this time, since the small block 18e is 
deformed further in the clockwise twist direction while 
guided by the sipe 1 10, the small block 18e abuts the 
small block 1 8f with a strong force. 40 
[0148] Thus, leaning of the small blocks 18e, 18f is 
suppressed, and a contact patch area area on the con- 
tact patch area 26 increases, so that the performance 
on ice and snow of the pneumatic tire 1 0 improves. 
[0149] Moreover, in the same manner as the first 45 
embodiment, since the sipe 1 10 is shaped so as to be 
twisted at an angle 67 around the rotation axis Z, the 
small block 18e rotates clockwise (see the solid line 
arrows in Fig. 12) in the plan view seen from the contact 
patch area 26 due to ground contact pressure. so 
[0150] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in the small block 18e (see the bro- 
ken line arrows in Fig. 12). 

[0151] Therefore, a clockwise SAT (see arrows in 55 
Fig. 1) generated due to the steel cords 19 provided 
parallel to each other in th outermost reinforcing layer 
can be suppressed (reduced) by the counterclockwise 
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SAT generated by the small block 18e. 
[0152] As in the first embodiment, the size of the 
block 18 according to the present embodiment is a L 
(Length) x W (Width) x H (Height) of 30 mm x 20 mm x 
10 mm. Moreover, the vertical depth F of the sipe from 
the contact patch area 26 is 8 mm. 
[01 53] The sipe 1 1 0 is formed at a position where in 
the contact patch area 26, 'c', which is the distance from 
an end surface in the A direction and also is the dis- 
tance from an end surface in the B direction, is 6 mm. 
The twist angle 67 of the sipe 1 10 is 5°. 

[Eighth Embodiment] 

[0154] Next, a pneumatic tire relating to an eighth 
embodiment of the present invention will be described 
in accordance with Fig. 14 and Fig. 15. Since the only 
differences between the pneumatic tire of the first 
embodiment and that of the present embodiment are 
the block shape and the sipe shape, only blocks and 
sipes will be described. The same reference numerals 
are used to designate elements which are the same as 
those in the seventh embodiment, and detailed descrip- 
tion thereof will be omitted. 

[0155] A block 120 is shaped so as to connect a 
bottom surface 122, which is located at the same height 
as the main groove in the tread surface, and a contact 
patch area 124 located at a position rotated at an angle 
68 from the bottom surface 122 in a plan view. That is, 
the block 120 is shaped so as to be twisted counter- 
clockwise at an angle 68 from the contact patch area 
124 toward the bottom surface 122 around a rotation 
axis U perpendicular to the contact patch area 124. 
[0156] A sipe 126, which is a quadrangular closed 
loop and is provided in the block 120, also is shaped 
such that a quadrangular surface portion 128 on the 
contact patch area 124 and a bottom portion 130 in the 
bottom of the sipe, which portion has a quadrangular 
shape identical to the surface portion 128, are located 
at positions rotated at an angle 69 in a plan view seen 
from the contact patch area 124. That is, the sipe 126 
has a shape which is twisted counterclockwise, the 
same direction as the block 120 twist direction, at an 
angle 69 from the contact patch area 124 toward the 
bottom of the sipe around a rotation axis Z perpendicu- 
lar to the contact patch area 124. While the angle 68 
and the angle 69 are the same in the present embodi- 
ment, they may also be different 
[01 57] The contact patch area 1 24 side of the block 
120 is divided into an inner small block 120e and an 
outer small block 120f by the sipe 126. 
[0158] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 
[0159] The block 120 is compressed in the C direc- 
tion due to ground contact pressure and expands in the 
A direction and the B direction, and accordingly, the 
small blocks 120e, 120f opposing across the sipe 126 
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abut ach other. 
[0160] Thus, leaning of the small blocks 120e, 120f 
is suppressed, and a contact patch area area on the 
contact patch area 1 24 increases, so that the p rform- 
ance on ice and snow of the pneumatic tire 1 0 improves. 
[0161] Moreover, in the same manner as the first 
embodiment, since the sipe 126 is shaped so as to be 
twisted at an angle 09 around the rotation axis Z, the 
small block 120e rotates clockwise (see solid line 
arrows in Fig. 14) in the plan view seen from the contact 
patch area 124 due to ground contact pressure. 
[0162] Due to this rotation, a counterclockwise 
torque for restoring the small block to the original shape 
(SAT) is generated in the small block 120e (see the bro- 
ken line arrows in Fig. 14). 

[0163] Further, as the block 120 is shaped so as to 
be twisted at an angle 68 around the rotation axis U, the 
block 120 is rotated clockwise (see the thick solid line 
arrows in Fig. 14) in the plan view seen from the contact 
patch area 124 due to ground contact pressure. 
[0164] Due to this rotation, a counterclockwise 
torque for restoring the block to the original shape (SAT) 
is generated in the block 120 (see the thick broken line 
arrows in Fig. 1 4). 

[0165] In this manner, in the block 120, a stronger 
SAT is generated since the twist direction of the block 
120 itself and the direction of the torque (SAT) gener- 
ated by the twist of the sipe 126 are the same. 
[0166] Therefore, a clockwise SAT (see the arrows 
in Fig. 1) generated due to the steel cords 19 provided 
parallel to each other in the outermost reinforcing layer 
can be suppressed (reduced) further by the counter- 
clockwise SAT generated by the block 120. 
[0167] As in the first embodiment, the size of the 
block 120 according to the present embodiment is a L 
(Length) x W (Width) x H (Height) of 30 mm x 20 mm x 
10 mm. Moreover, the vertical depth F of the sipe 126 
from the contact patch area 124 is 8 mm. The twist 
angle 08 of the block 120 around the rotation axis U is 
5°. 

[0168] Further, at the contact patch area 124, 'c\ 
which is the distance from an end surface of the block 
1 20 in the A direction to the sipe 1 26 and also is the dis- 
tance from an end surface of the block 120 in the B 
direction to the sipe 126, is 6 mm. The twist angle 09 of 
the sipe 126 around the rotation axis Z is 5°. 

[Ninth Embodiment] 

[0169] Lastly, a pneumatic tire relating to a ninth 
embodiment of the present invention will be described 
in accordance with Fig. 1 6 and Fig. 1 7. Since the only 
differences between the pneumatic tire of the first 
embodiment and that of the present embodiment are 
the block shape and the sipe shape, only blocks and 
sipes will be described. The same reference numerals 
ar used to designate elements which ar the sam as 
those in the seventh and eighth embodiments, and 



26 

detailed description thereof will be omitted. 
[0170] A block 140 is shaped so as to connect a 
bottom surface 142, which is located at the same height 
as the bottom of main groove 14 in the tread surface, 

5 and a contact patch area 144 located at a position 
rotated at an angle 610 from the bottom surface 142 in 
a plan view. That is, the block 140 is shaped so as to be 
twisted counterclockwise at an angle 01 0 from the con- 
tact patch area 144 toward the bottom surface 142 

w around the rotation axis U perpendicular to the contact 
patch area 144. 

[0171] A sipe 146, which is a quadrangular closed 
loop and is provided in the block 140, also is shaped 
such that a bottom portion 150, which is the bottom of 

15 the sipe, is rotated at an angle 01 1 with respect to a sur- 
face portion 1 48 of the contact patch area 1 44 from one 
another in a plan view seen from the contact patch area 
144. That is, the sipe 146 has a shape which is twisted 
clockwise, i.e. in the opposite direction of the block 140 

20 rotating direction, at an angle 011 from the contact 
patch area 144 toward the bottom of the sipe around a 
rotation axis Z perpendicular to the contact patch area 
144. 

[0172] The contact patch area 1 44 side of the block 

25 140 is divided into an inner small block 140e and an 
outer small block 140f by the sipe 146. 
[0173] By driving a vehicle to which the pneumatic 
tires 10 formed in the above-described manner are 
mounted, effects such as the following are obtained. 

30 [0174] The block 1 40 is compressed in the C direc- 
tion due to ground contact pressure and expands in the 
A direction and the B direction. Accordingly, the small 
blocks 140e, 140f opposing across the sipe 146 abut 
each other. At this time, since the small block 140e 

35 tends to rotate counterclockwise due to ground contact 
pressure and the small block 140f tends to rotate clock- 
wise due to the twisting of the block 140, the adjacent 
small blocks 140e, 140f abut each other across the sipe 
146 with a greater strength. 

40 [0175] Thus, leaning of the small blocks 140e, 140f 
is suppressed further, and a contact patch area area on 
the contact patch area 144 increases, so that the per- 
formance on ice and snow of the pneumatic tire 10 
improves. 

45 [0176] Moreover, in the same manner as the first 
embodiment, since the sipe 146 is shaped so as to be 
twisted at an angle 01 1 around the rotation axis Z, the 
small block 140e rotates counterclockwise (see the 
solid line arrows in Rg. 1 6) in the plan view seen from 

so the contact patch area 144 due to ground contact pres- 
sure. 

[0177] Due to this rotation, a clockwise torque for 
restoring the small block to the original shape (SAT) is 
generated in the small block 140e (see broken line 
55 arrows in Rg. 16). 

[0178] On the other hand, the block 140 is shaped 
so as to be twist d at an angle 010 around the rotation 
axis U and rotates clockwise (see the thick solid line 
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arrows in Fig. 1 6) in the plan view seen from the contact 
patch area 144 due to ground contact pressure. 
[0179] Due to this rotation, a counterclockwise 
torque for r storing the block to the original shape (SAT) 
is generated in the block 1 40 (see the thick broken line s 
arrows in Rg. 1 6). 

[0180] Thus, the torque (SAT) generated in the 
block 140 overall is the difference in torque generated 
by the twisting of the block 1 40 itself and that generated 
by the twisting of the sipe 146. 
[0181] Therefore, by providing the block 140 in an 
appropriate direction on the surface of the tread 12, the 
SAT (see the arrows in Rg. 1) generated due to the 
steel cords 1 9 provided parallel to each other in the out- 
ermost reinforcing layer can be suppressed (reduced) 
by the SAT generated by the block 140. 
[0182] As in the first embodiment, the size of the 
block 140 according to the present embodiment is a L 
(Length) x W (Width) x H (Height) of 30 mm x 20 mm x 
1 0 mm. The vertical depth F of the sipe from the contact 
patch area 1 44 is 8 mm. The twist angle G1 0 of the block 
140 around the rotation axis U is 5°. 
[0183] Moreover, the sipe 146 is formed in a posi- 
tion where in the contact patch area 1 44, 'c', which is the 
distance from an end surface of the block 140 in the A 
direction and also is the distance from an end surface of 
the block 140 in the B direction, is 6 mm. The twist angle 
61 1 of the sipe 146 around the rotation axis Z is 5°. 
[0184] The angle 61 0 and the angle 61 1 may be the 
same or different. 

[Test Examples] 

[0185] Next, an SAT test and a block deformation 
amount test carried out by using sample blocks, and an 
on-ice performance test carried out by using real tires 
will be described in accordance with Rgs. 18 through 
25. 

[0186] First, the SAT test will be described. A sam- 
ple block corresponds to a block of a pneumatic tire. 
Examples 1 to 9 correspond to the block of the first to 
ninth embodiments, respectively. 
[0187] As shown in Fig. 1 8, in the block 1 8 of Com- 
parative Example 1, sipes 152, which are of the type 
which opens on both sides and have a sipe depth direc- 
tion formed linear and parallel to the C direction, are 
provided. As in the block 1 8 of the first embodiment, the 
size of the block 18 is a L (Length) x W (Width) x H 
(Height) of 30 mm x 20 mm x 1 0 mm. The vertical depth 
F of the sipe 152 from the contact patch area 26 is 8 
mm. Surface portions 154 are formed in positions where 
at the side surfaces 20, 22, a distance T from an end 
surface of the block 1 8 in the A direction is 8 mm and a 
distance 'g 1 between the adjacent sipes is 7 mm. 
[0188] Moreover, as shown in Rg. 19, Comparative 
Example 2 employs the block 1 8 in which a sipe 1 62 
with a quadrangular closed loop is formed. As in the 
block 18 of the seventh embodiment, the size is a L 



(Length) x W (Width) x H (H ight) of 30mm x 20 mm x 
1 0 mm. The vertical depth F of the sip from th contact 
patch area 26 is 8 mm. The sipe 162 is provided in a 
position wher at the contact patch area 26, 'c', which is 
the distance from an end surface of the block 18 in the 
A direction and also is the distance from an end surface 
of the block 1 8 in the B direction, is 6 mm. 
[0189] Neither the block of Comparative Example 1 
nor the block of Comparative Example 2 have a twisted 
portion. 

[0190] The blocks of Examples 1 to 9 and of Com- 
parative Examples 1 , 2 formed in the above-described 
manner were pressed vertically against the road sur- 
face, and the SATs at the time when the blocks were 
compressed to 1 0% of the block height are listed. The 
test results are shown in Fig. 20 where the unit is 
kgf *m. In the diagram, counterclockwise rotation in a 
plan view seen from the contact patch area is expressed 
by V, and clockwise rotation by 
[0191] By comparing Examples 1 to 6 with Compar- 
ative Example 1 , it becomes dear that since the sipes 
are twisted, the small blocks rotate due to ground con- 
tact pressure, thereby generating the SAT. In Examples 
1 to 4, the effect of providing recessed and protruding 
portions having a triangular section on the sipes is 
slight, and it is evident that twists greatly affect the SAT. 
[0192] By comparing Example 5 with Example 6 in 
both of which twists are applied to the sipes and the 
blocks, it becomes evident that in Example 5, in which 
the sipes and the blocks are twisted in the same direc- 
tion, a SAT larger in absolute value than that in Example 
6 in which the sipes and the blocks are twisted in oppo- 
site directions is generated. 

[01 93] By comparing Examples 7 to 9 with Compar- 
ative Example 2, it becomes dear that since the sipes 
are twisted, the small blocks rotate due to ground con- 
tact pressure, thereby generating the SAT. In particular, 
comparing Examples 8 and 9 in both of which twists are 
applied to the blocks as well, it is evident that in Exam- 
ple 8, in which twists of the same direction are applied 
to the sipes and the blocks, an extremely large SAT is 
generated. 

[0194] Next, a test for examining deformation 
amount was carried out by using the same sample 
blocks. Deformation amount in the A direction of the 
sample block at its contact patch area end portion was 
examined in a state in which the block was pressed 
against ice with a load of 2.2 kgf/ cm 2 , and the ice was 
moved relative to the sample block at 20km/h. The test 
results are shown in Rg. 21 where the unit is mm. 
[0195] By comparing Examples 1 to 6 with Compar- 
ative Example 1 , it becomes dear that since the sipes 
are twisted, the small blocks rotate due to ground con- 
tact pressure and strongly abut each other, thereby sup- 
pressing leaning (the deformation amount) of the small 
blocks. Among Examples 1 to 4, in Examples 2 to 4, in 
which recessed and protruding portions having a trian- 
gular section are provided in the sipes, the deformation 
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amount is further suppressed, and in particular, Exam- 
ples 3 and 4, in which th sipes are formed so as to fit 
together due to rotational deformation of the small 
blocks, leaning (the deformation amount) of the small 
blocks is further suppressed. 

[0196] Moreover, of Examples 5 and 6, in which 
twists were applied to the blocks as well, in Example 6, 
in which twists in directions opposite to each other were 
applied to the sipes and the blocks respectively, torque 
of opposite directions act on the small blocks causing 
them to strongly abut each other, and thus, leaning 
(deformation amount) was suppressed further. 
[01 97] By comparing Examples 7 to 9 with Compar- 
ative Example 2, it becomes clear that since the sipes 
are twisted, the small blocks rotate due to ground con- 
tact pressure and abut each other, thereby suppressing 
leaning (the deformation amount) of the small blocks. In 
particular, of Examples 8 and 9 in which twists are 
applied to the blocks as well, it was confirmed that in 
Example 9, in which twists of opposite directions are 
applied on the sipes and the blocks respectively, the 
small blocks abut each other, and thus leaning (defor- 
mation amount) of the small blocks is suppressed even 
more. 

[0198] The on-ice brake performance test was then 
carried out by mounting pneumatic tires to an actual 
vehicle. The size of the tire was 1 85/70 R1 4. The tires of 
Examples 1 to 9 and of Comparative Examples 1 and 2 
used in the series of tests are pneumatic tires on whose 
tread surface, blocks having the same shape as the 
sample blocks of Examples 1 to 9 and of Comparative 
Examples 1 and 2 are formed respectively. 
[0199] The on-ice brake test was earned out in a 
state in which the tires were mounted to a vehicle and 
the braking distance was then measured by suddenly 
applying the brakes while the vehicle was being driven 
at 20km/h on an icy road. The test results express an 
on-ice brake performance by using the reciprocal of the 
braking distance as an index. The results indicate that 
the larger the index, the better the on-ice brake perform- 
ance. The test results are shown in Rg. 22 where the 
on-ice brake performance of Comparative Example 1 is 
100. 

[0200] It was confirmed that Examples 1 to 9 also 
show better on-ice brake performances compared to the 
Comparative Examples. 

[0201] Next, the relationship between the twist 
angle and the deformation amount was examined in the 
block 70 of the fifth embodiment by making the twist 
angle 83 of the block and the twist angle 84 of the sipe 
equal and by using several sample blocks in which the 
angle 63 (=84) was changed. The results are shown by 
a graph in Fig. 23. 

[0202] Basically, as shown in Fig. 23, the larger the 
angles 03, 84 become, the lower the displacement 
amount becomes. That is, leaning of the blocks can be 
suppressed further as the twist angles 83, 84 increas . 
However, if the twist angle is too large when the block is 
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pulled out from th mold in a manufacturing process, 
the block will be broken off. Due to this limitation on 
manufacturing, it is preferable that the twist angles 83, 
84 of the block and the sipe ar 0° < 83 (=84) < 50°. 
5 [0203] Further, the relationship between the loca- 
tion of the rotation axis Z, which is equivalent to a first 
central axis of twisting, and stiffness of the small blocks 
was tested 

[0204] The sample blocks were substantially the 
10 same as that of the first embodiment shown in Rg. 2 
and several sample blocks were prepared in which the 
rotation axis Z is placed in different positions in the 
direction indicated by arrow B. That is, the change in 
displacement amount in the A direction of the small 
15 blocks 1 8a to 1 8d with respect to the rotation axis Z was 
examined. The test was earned out to examine the dis- 
placement amount in the A direction of the sample block 
at its contact patch area end portion in a state in which 
the block was pressed against ice with a load of 2.2 
20 kgf/cm 2 , and the ice was then moved relative to the 
sample block at 20km/h. 

[0205] The test results are shown in Fig. 24. The 
axis of abscissas indicates locations of the rotation axis 
Z in the B direction at the block 1 8 and the numbers indi- 

25 cate the percentage of the distance from the side sur- 
face 20 relative to the width W. The axis of ordinates 
indicates stiffness ratios in the case in which the recip- 
rocal of the displacement amount in the A direction of 
the small block when the rotation axis Z is located on 

30 the side surface 20 is expressed as 1 00. 

[0206] It was confirmed that, as shown in Rg. 24, 
stiffness of the small block further increases when the 
position (P1) of the rotation axis Z is within the range of 
20 percent and 80 percent of the width W(0.2W< P1 < 

35 0.8W), thus preventing leaning further. 

[0207] Next, the relationship between the location 
of the rotation axis Y, which is equivalent to a second 
central axis of twisting, and stiffness of the small blocks 
was examined. 

40 [0208] The sample blocks were substantially the 
same as that of the first embodiment shown in Rg. 2 
and several sample blocks were prepared in which the 
rotation axis Y is placed in different positions in the 
direction indicated by arrow C. That is, the change in 

45 displacement amount in the A direction of the small 
blocks 1 8a to 1 8d with respect to the rotation axis Y was 
examined. The test was carried out by examining the 
displacement amount in the A direction of the sample 
block at the contact patch area end portion thereof in a 

so state in which the block was pressed against ice with a 
load of 2.2 kgf/cm 2 , and the ice was then moved relative 
to the sample block at 20km/h. 
[0209] The test results are shown in Fig. 25. The 
axis of abscissas indicates locations of the rotation axis 

55 Z in the C direction in the block 1 8 and the numbers indi- 
cate the percentage of the distance from the contact 
patch area 26 relative to th vertical depth F of the sipe 
24. The axis of ordinates indicates stiffness ratios in the 
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case in which the reciprocal of displacement amount of 
the small block in the A direction when the rotation axis 
Y is located on the contact patch area 26 is expressed 
as 100. 

[0210] It was confirmed that, as shown in Fig. 25, 
stiffness of the small block further increases when the 
position (P2) of the rotation axis Y is within the range of 
20 percent and 60 percent of the vertical depth F (0.2F 
< P2 < 0.6F), thus preventing leaning further. 
[0211] In the two above-described tests, only the 
results of tests carried out on the sample blocks sub- 
stantially similar to that of the first embodiment are 
listed. In addition, the same two tests were also carried 
out on sample blocks substantially similar to those of 
the second to sixth embodiments, and similar test 
results were obtained. 

Industrial Applicability 

[0212] As described above, the pneumatic tire 
according to the present invention is suitable for use as 
a tire for running on icy and snowy roads and wet roads. 

Claims 

1 . A pneumatic tire comprising: 

a plurality of reinforcing layers in each of which 
cords, which are inclined at a predetermined 
angle with respect to a tire circumferential 
direction, are provided parallel to each other; 
a tread provided on atop of said reinforcing lay- 
ers which are laminated; and 
a block-shaped land portion having a sipe, said 
block-shaped land portion being defined on a 
tread surface by main grooves formed in the 
tire circumferential direction and by lug grooves 
formed in a direction intersecting the main 
grooves; 

wherein said sipe is shaped so as to be twisted 
around a first central axis of twisting extending 
in a tire radial direction in the block-shaped 
land portion and a second central axis of twist- 
ing extending substantially in a tire transverse 
direction, a position P1 of said first central axis 
of twisting in a region between one end surface 
of the block-shaped land portion and another 
end surface in the tire transverse direction and 
a position P2 of said second central axis of 
twisting in a region between a contact patch 
area and a bottom of the sipe in the tire radial 
direction being within ranges satisfying the fol- 
lowing relational expressions: 

0.2W^P1 <0.8W 

0.2F< P2 <0.6F 



wherein P1, P2 represent the position of said 
first and second central axes of twisting 
respectively; W represents a distance from the 
oneendsurfac toth other end surface of the 
5 block-shaped land portion in the tire transverse 

direction; and F represents a distance from the 
contact patch area to the bottom of the sipe in 
the tire radial direction. 

10 2. A pneumatic tire comprising: 

a plurality of reinforcing layers in each of which 
cords, which are inclined at a predetermined 
angle with respect to a tire circumferential 
is direction, are provided parallel to each other; 

a tread provided on a top of said reinforcing lay- 
ers which are laminated; and 

20 a block-shaped land portion having a sipe, said 

block-shaped land portion being defined on a 
tread surface by main grooves formed in the 
tire circumferential direction and by lug grooves 
formed in a direction intersecting with the main 

25 grooves; 

wherein said sipe is shaped so as to have a 
first protruding portion protruding in a first 
direction with respect to a virtual central plane 
and a second protruding portion protruding in a 

30 second direction opposite the first direction 

across the virtual central plane, said sipe 
including a surface portion exposed on a con- 
tact patch area of said block-shaped land por- 
tion and a bottom portion formed in a bottom of 

35 the sipe, the virtual central plane being twisted 

from the surface portion toward the bottom por- 
tion. 

3. A pneumatic tire according to claim 2, wherein said 
40 sipe is wave-shaped in a section parallel to the con- 
tact patch area of the block-shaped land portion. 

4. A pneumatic tire according to claim 2 or 3, wherein 
said sipe is wave-shaped in a tire circumferential 

45 directional section of the block-shaped land portion. 

5. A pneumatic tire according to any of claims 2 
through 4, wherein said virtual central plane is 
shaped so as to be twisted around a first central 

so axis of twisting extending in the tire radial direction 
in said block-shaped land portion, a position P1 of 
said first central axis of twisting in a region between 
one end surface of the block-shaped land portion 
and the other end surface in the tire transverse 

55 direction being within a range satisfying the follow- 
ing relational expression: 

0.2W<P1 < 0.8W 
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wherein P1 represents the position of the first cen- 
tral axis of twisting; and W represents a distance 
from one end surface to the other end surface of the 
block-shaped land portion in the tire transvers 
direction. 5 

6. A pneumatic tire according to any of claims 2 
through 5, wherein said virtual central plane is 
shaped so as to be twisted around a second central 
axis of twisting extending substantially in the tire io 
transverse direction in said block-shaped land por- 
tion, a position P2 of said second central axis of 
twisting in a region between the contact patch area 
and the bottom of the sipe in the tire radial direction 
being within a range satisfying the following rela- is 
tional expression: 

0.2F < P2 < 0.6F 

wherein P2 represents the position of the second 20 
central axis of twisting; and F represents a distance 
from the contact patch area to the bottom of the 
sipe in the tire radial direction. 

7. A pneumatic tire comprising: 25 



8. A pneumatic tire according to any of claims 1 
through 7, wherein the block-shaped land portion is 
twisted from the contact patch area toward the bot- so 
torn portion. 

9. A pneumatic tire according to claim 8, wherein a 
direction of twisting of the block-shaped land por- 
tion is the same as a direction of twisting of the sipe 55 
twisted from the contact patch area toward the bot- 
tom of the sip . 



10. A pneumatic tire according to claim 8, wherein a 
direction of twisting of the block-shaped land por- 
tion is opposite to a direction of twisting of the sipe 
from th contact patch area toward th bottom of 
the sipe. 



pneumatic tire comprising: 25 

a plurality of reinforcing layers in each of which 
cords, which are inclined at a predetermined 
angle with respect to a tire circumferential 
direction, are provided parallel to each other; 30 
a tread provided on a top of said reinforcing lay- 
ers which are laminated; and 
a block-shaped land portion having a sipe, said 
block-shaped land portion being defined on a 
tread surface by main grooves formed in the 35 
tire circumferential direction and by lug grooves 
formed in a direction intersecting the main 
grooves; 

wherein said sipe is shaped as a closed loop 
which is connected with neither said main 40 
groove nor said lug groove, said sipe including 
a surface portion exposed on a contact patch 
area of the block-shaped land portion and a 
bottom portion formed in a bottom of the sipe, 
the sipe being twisted from said surface portion 45 
toward said bottom portion. 
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